In this paper, numerical investigation is carried out on two-dimensional Ahmed body model using Computational Fluid Dynamics in ANSYS Fluent 19.1. The 2-D model is designed in Catia v5 for 25°, 35° and 45° slant angles. The turbulent model used to analyze the flow dynamics is Realizable k-ε model. The drag coefficient variation with respect to slant angle is computed. The skin friction coefficient, wall shear stress and frictional velocity are also calculated.
Introduction
The flow around any vehicle is primarily of turbulent nature and it is observed by the largescale separations and reverse flow characteristics on the vehicle. To develop any new model of the vehicle it is necessary to understand the flow dynamics around it. Ahmed body is considered as the base problem for the analysis of flow dynamics for all the four-wheel vehicles using computational fluid dynamics (CFD) both experimentally and numerically. The aerodynamic drag force is an important parameter to analyze the performance of the vehicle, and the automotive industry always tries to reduce the drag force to improve fuel efficiency. Based on the literature it was found that 10 % reduction in drag force reduces fuel consumption by 7 % [1] . The drag force induced is the sum of the frictional drag and pressure drag. The friction drag is developed due to the viscosity of air related to Reynold's number, and pressure drag is due to eddies formation on the body passage along the wake formation.
Ahmed et al. [2] developed the three-dimensional simplified model of the vehicle for a better understanding of flow dynamics as the real-life vehicles are complex to study, both experimentally and numerically. The ideal design of Ahmed body is having length (1044 mm), height (288 mm), width (389 mm) and constant slant length (222 mm) long, for any angle at the rear part of the body. The aerodynamic drag is found to influence by the slant part of the vehicle.
Guilmineau [3] did the simulation on Ahmed body at 25° and 35° slant angles with and without stilts using different turbulent models and compared their results with the experimental data in the literature. They concluded that for 35° the presence of stilts increases the drag force. Wang et al. [1] modified the Ahmed body surface to reduce the drag force by providing the non-smooth dimples on it. The effect of dimples was analyzed by the wake flow structure at the downstream side, and their model leads to reduction of coefficient of drag by 5.20 %. Similarly, Keogh et.al [4] focused on the corning of the Ahmed body. He provided the corner at both the rear and front part of the model and checked the overall performance of the model. He concluded that the drag coefficient can be reduced by lowering the corner radius. Hanfeng et al. [5] used the deflector on the rear side of Ahmed body by keeping slant angle as 25° and tried to increase the fuel efficiency by reducing the drag force. He also concluded that drag force depends both on the height and length of the deflector.
Khan and Umale [6] fabricated an ideal solid 3-D model of Ahmed body at 25° and 35° slant angles and performed both experiments and numerical simulation on it, and compared both the results for better understanding. For both experiments and simulation, he observed that drag force increases on increasing the slant angle. He also analyzed the effect of front radius and ground clearance on the performance of vehicle.
This present work is focused on the numerical analysis of drag coefficient on increasing the slant angle of 2-D Ahmed body using commercial software ANSYS Fluent 19.1. Three different slant angles i.e. 25°, 35° and 45° are used by keeping the slant length constant. The turbulent model used is Realizable -and pressure velocity coupling method is SIMPLE. The results in the form of drag coefficient, pressure coefficient, pressure contours and velocity streamlines are presented in the results and discussion section.
Governing equations
The two-dimensional continuity equation and momentum equation are solved as governing equations [7] .
Continuity equation is given in Eq. (1):
Momentum equations are given in Eq.
(2) and Eq. (3). For -direction component:
For -direction component:
where, is the pressure, is the density, is the dynamic viscosity of fluid, and are the velocities in and directions respectively.
Geometry description
We choose Catia v5 software to design our 2D Ahmed body model. All the dimensions are given in mm, based on the standard problem given in the literature [2] . Table 1 shows all the required dimensions for the Ahmed body and the fluid domain enclosing it. The numerical simulation is done for three different slant angles i.e. 25°, 35° and 45°. In Table 2 all the computed values of different dimensions for all the three slant angles is mentioned [8] . The model of two-dimensional Ahmed body for slant angle ( = 25°) is shown in Fig. 1 . 
Computational domain and meshing
The 2-D control volume is created around the Ahmed body for analysis of aerodynamic effects using computational fluid dynamics in commercial software ANSYS Fluent. The domain is having dimensions as 8264 mm× 2000 mm. Fig. 2 represents the computational domain with 40 m/s velocity at the inlet and the atmospheric pressure (101325 Pa) at the outlet. Remaining walls are under no slip condition. The turbulent model used to solve the flow dynamics is Realizableand method for pressure velocity coupling is SIMPLE [9] . For meshing, triangular elements are used with refined mesh around the Ahmed body using face split tool in the geometry. In Fig. 3 the meshing with inflation layers on the Ahmed body is shown. For all three cases mesh is kept same with 72000 number of grids. 
Results and discussion
The drag coefficient along the number of iterations for all the three slant angles is shown in Fig. 4 . Initially the flow has instabilities due to which curves have fluctuating values but as the number of iterations increases the values get stabilized. Fig. 5 represents averaged value of drag coefficient at 25°, 35° and 45° slant angles. It is seen that on increasing the slant angle, the value of drag force increases. Hence the performance of the Ahmed body decreases. Fig. 4 . Drag coefficient along the iterations for Fig. 6 represents the pressure coefficient ( ) plot of the ahmed body along its length. The maximum value of is unity at the front part on the lower side of the Ahmed body as all the kinetic energy is converted into pressure energy while, negative values are representing on the upper side of the body. There is sudden drop in pressure at the slant surface (-0.2 m) on curve. Fig. 7 shows the pressure contours for all three-slant angles of Ahmed body. It can be concluded that maximum pressure is at the curved front part. Similarly, Fig. 8 depicts the velocity streamlines on the Ahmed body, which represents the velocity variation on changing the slant angle. Most of the drag on the Ahmed body is due to the downstream flow separation, and as the slant angles increases the recirculation region also increases. 
The skin friction, wall shear stress and friction velocity calculated based on this are calculated as below.
Skin-Friction coefficient ( ):
= 2log ) − 0.65 . ⇒ 3.9068 10 .
Wall shear stress ( ):
Friction velocity ( * ): * = ⇒ 1.7678 m s ⁄ . (9)
Conclusions
In the present work, numerical computation of flow dynamics around the 2-D Ahmed body car model for three different slant angles 25°, 35° and 45° is produced. The drag coefficient was found to increase with increase in the slant angles due to the development of recircular region at the downstream side of the Ahmed body. The percentage increase in drag coefficient is 57 % on varying the slant angle from 25° to 45°. In future, we will work on the numerical computation of flow behaviour around the 3-D Ahmed car body using different turbulent models.
